With the restrictions of equity financing of Chinese listed companies, debt dimensions are increasing, and the issue of corporate financial structure and financing constraints influence on capital misallocation has become an important practical problem which Chinese listed companies face. This paper is concerned with a model about capital misallocation and its influencing factors of integrated financing, capital operation, and investment performance. We take 7096 observations of 646 Chinese listed companies during fiscal years 2003 to 2014 for A-shares on the Shanghai and Shenzhen stock exchange, for instance, to empirically test the microscopic influencing factors of capital misallocation under different external financing dependence. The study illustrates the following: (1) in descriptive statistics of different industries capital misallocation, more than half of firms experience the circumstance of capital misallocation; (2) although Chinese listed companies are faced with financing constraints, capital market inefficiency, and other issues, most companies still depend on external financing; (3) the main factors that affect capital misallocation of the listed companies are financial liquidity and financial pledgeability; (4) the firms with high innovation abilities generally have stronger profitability, superior financial liquidity, and better financial pledgeability, thus reducing corporate capital misallocation; (5) the Chinese listed companies with large-scale assets and strong profitability easily obtain bank loans and equity financing, while violating the principle of assets matching.
Introduction
Chinese capital market has assumed proportions of a minor industry, but there are still structural defects because of economic characteristics existing in the transition, for example, lack of effectiveness in the stock market, the deformed development of corporation bonds market, excessive policy intervention, and credit discrimination in bank loans. As a result, Chinese listed companies often face financial constraints, and the microcosmic factors of capital misallocation are much complicated [1, 2] . Significantly, after the financial crisis in 2008, with the restrictions of equity financing of Chinese listed companies (the principal means for refinancing of listed companies is issuance and allotment), debt dimensions are increasing. In 2004 the disclosure of listed companies' financial statements shows that more than 560 companies' debts accumulated up to about 3 trillion yuan. From 2014 to the end of April in 2015, over 100 listed companies still had the default fund scale up to 1226 billion yuan. It is worrying that the proportion of short-term debt in debt maturity structure of Chinese listed companies is too large, resulting in serious and severe financial risk contrary to the principle of time matching. Some empirical researches have shown the microcosmic factors of Chinese listed companies influence the capital misallocation, but under the financing constraints, it is controversial to the effect and degree of these factors. Some problems should be further studied by theoretical analysis and empirical test. Particularly, what is the extent of capital misallocation of Chinese listed companies which are vulnerable to external financial environment? What are the microcosmic factors of capital misallocation?
In that context, conducting on the degree of capital misallocation of Chinese listed companies, this paper develops a model for measuring capital misallocation by referencing the 2 Mathematical Problems in Engineering study of Hsieh and Klenow, Sordi et al., and Uras [2, 3] . Using listed companies panel date (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , this model introduces financing constraints, financial pledgeability, financial structure, invested capital, capital misallocation, loss ratio, and other variables to empirically study the microcosmic factors of capital misallocation. In line with the empirical results, this paper raises some specific suggestions to improve capital allocation efficiency.
Literature Review
Capital market imperfections will lead to capital flow barriers, capital congestion, and scarcity between regions or industries, the allocation of capital in the absence of equalizing marginal revenue products of capital across plants, and thus capital misallocation [3, 4] . The capital misallocation includes internal and external capital market misallocation [5, 6] .
In recent years, the studies of phenomenon and factors about capital misallocation in Chinese listed companies have made a breakthrough. Song et al. and Li et al. suggested that state-owned enterprises have easier access to capital than non-state-owned enterprises, while the investment performance is opposite. The fact that the resource is controlled by government in China leads to capital misallocation [7, 8] . Chen and Hu illustrated that resources misallocation among Chinese internal manufacturing industry approximately causes a 15 percent gap between actual and potential output [9] . Mao and Gai et al. found that the misallocation in factor markets impedes the improvement of internal enterprise productivity and the cross-enterprise allocative efficiency of resources [10, 11] . Zhan et al. testified that the distortion of credit rationing results in the variation of investment behavior from the listed companies [12] . Wang and Yuan studied that the monopoly of the financial system suppresses the free flow of capital and results in a greater degree of misallocation among interindustrial capital and then leads to a decline in resource allocation efficiency [13] . These studies mainly focus on the macrofactors of the effects on firms' capital misallocation.
There are still some disputes about the microcosmic factors influencing the capital misallocation in listed companies from China. The first is a problem about the impact of financial structure on capital misallocation. Domestic scholars generally believe that the differences about corporate financing constraints, capital adjustment cost and unreasonable debt term structure, corporate governance mismatches with investment, and financing maturity are the main reasons [4, 5, 14, 15] . But foreign scholars consider that the liquidity of corporate finance and financial pledgeability are the main causes of the capital misallocation [2] . The second is a problem about the impact of financing constraints on the investment efficiency of cash holdings from listed companies. Cash holdings marginal value of financial constraints firms is significantly higher than that of nonfinancial constraints firms. Invest in the project whose NPV is positive and avoid lack of investment so as to promote the value of the company [16, 17] . But there are also many scholars who suggested that, in different nature of firm and industry, the investment efficiency of cash holdings in financial constrained firms is significantly higher than that in nonfinancial constrained firms; besides, financial constrained firms have lower capital misallocation [7, 8, 18] . However, the measure of financing constraints is highly contested. Most are based on KZ learning from the method of KZ index, but variable settings and coefficients in it remain to be discussed [19] . Financing constraints are related to external financing dependence which should be considered in the study of microcosmic factors.
The capital misallocation of listed companies is a systematic performance of financing, capital operation, and investment process. How to integrate financing and how to measure the dimension of capital operation are discussed. Available literatures focus on the effects of financial structure on capital misallocation and do empirical research of capital allocation efficiency under financing constraints and external financial dependence, while the studies about microcosmic affection factors of capital misallocation are very rare [1, 2] . In fact, the analysis of the financial structure and investment performance in different financing constraints will be more accurate to explain the microcosmic factors of the impact of the capital misallocation from listed companies.
Capital Misallocation and Data

Capital Misallocation. The model includes the following variables:
: the unit price of the products supplied by the firm for the industry production.
: the amount of the products supplied by firm for the industry production given by constant returns to scale production technology.
: the rate of wage. : the number of labor supplies of firm in sector .
: the capital investment of firm in industry . And a firm reaches the capital level ( + = ) via external financing ( ) and internal capital holdings ( ).
: the cost of capital.
: the purchase prices of capital good under financial constraints.
: the labor price distortion. : the capital distortion. : the heterogeneity in capital rental rates distortion.
: independent and identical distribution across firms with a cumulative distribution function ( ).
: 0 < < 1, an industry-level technology parameter that determines the capital share of production.
: the average rental rate in the economy. : Each firm is endowed with a fraction of the aggregate capital stock.
is the firm's capital holdings. There is an exogenously determined aggregate capital stock in each industry denoted with . : firm 's "financial market reputation" or its "financial pledgeability."
: the industry capital inflows.
: a fraction of a firm's internal capital holdings.
: the distortions to capital-labor ratio.
For firms as rational people, investment decisions are at the trade-off between benefits and costs. The purpose of company production is to maximize profit; the profit of firm in industry can be formulated as
Suppose that the capital required for producing of firm in industry is . And firm reaches the capital level ( + = ) via external financing ( ) and internal capital holdings ( ). External financing is under the average rental rate in the economy ( ), firm's capital holdings ( ), industry capital inflows ( ), and financial pledgeability ( ). When the total capital in industry is , good producers can take up the capital which other firms need. The borrowing constraints ( ) are
Every firm's constraint condition has the same cumulative distribution function ( , , ). Inequality (3) implies that only a fraction ( ) of external financing is available by borrowing. Under the financial constraints, firms can get the rest (1− ) of external capital under a capital rental distortion rate, (1 + ).
Two types of firms exist in each industry, denoted as investors and lenders. In equilibrium, it is impossible for any firm that is both a lender and an investor at the same time. Lender firms possess enough internal assets (capital and industrial consumables) to reach the optimum scale of capital investment; however, investor firms demand external finance to cover the optimum scale of investment.
A competitive equilibrium consists in the financial market where lender firms are indifferent between lending and selling the capital. This no-arbitrage condition leads to the equalization of the rental rate and the purchase prices of capital good, namely, to = = . In the equilibrium state (there is no arbitrage, = = ; ignore labor price distortion ), the objective function of profit of firm in industry for a nonfinancial constraints firm (a firm whose marginal cost of capital equals ) is max , ,
The function of profit for a financial constraints firm is max , , ,
1 − is a fraction of a firm's capital investment; define = min{( + )/ , 1}. Firm can exploit its borrowing capacity until its upper limit . As a result, the fraction of firm's capital investment via borrowing is (1 − ) . Therefore, for a financial constraints firm, the profit maximization problem reduces to the following:
The objective function intimates that capital distortion and financing constraints affect the marginal cost of capital. The higher , or the higher , the lower the marginal cost of production. If either = 1 or = 1, the marginal cost of capital for firm equals . If < 1 or < 1, the marginal cost of capital is greater than as long as > 0. Therefore, if a firm has < 1, < 1, and > 0, it is financially constrained.
Not only do internal financing, financial structure, and financial pledgeability influence the cost of financing, but also they affect capital-labor ratio.
According to (4), we can get the maximized profit for a nonfinancial constraints firm, by using first-order conditions:
Hence, profit maximizing capital-labor ratio for a nonfinancial constraints firm, , is derived as
According to (5) , similarly available for a financial constraints firm the capital-labor ratio, , is found as
4 Mathematical Problems in Engineering Using (9), we can infer distortions to the capital-labor ratio for differentiated firms with binding financing constraints as
is cost of capital (generally it is 10% in the study). High labor intensive manufacturing firms have higher cost of capital distortion. Equation (10) proves that distortions to capital-labor ratio ( ) have three components. The first component ( ) is the heterogeneity in capital rental rates from financial constraints. The second component ( ) is financial pledgeability; the lower financial pledgeability the firms have, the poorer the return on investment they have. Finally, the third component ( ) is associated with the ability to finance investment project using internal liquidity [20, 21] .
The Data. The data covers fiscal years 2003 to 2014 for
A-shares of Chinese nonfinancial firms that were listed on the Shanghai and Shenzhen stock exchange. And we screen and process the data according to the following standards: (1) excluding the samples with many missing values in the company's financial data; (2) weeding out the firms with abnormal accounting data and percentage change in share price, along with equability in the value of the company's assets; (3) deleting the firms which are listed less than a year and the firms whose profitability is more volatile. Besides that, we deal with all continuous variables on the top and bottom 1% by Winsorize. Finally, we achieve 7096 observations of 646 listed companies during 11 years ( Table 1 ). The financial data in this paper is from Wind Database and CSMAR Database. Table 2 is the statistical description of capital misallocation (KLDistort ) in different industries. The mean, median, and quartile 50% in seven industries are greater than zero, which implies that more than half of firms have capital misallocation (KLDistort > 0 means that capital misallocation exists in firms). The difference of maximum and minimum between industries is obvious.
Equation (10) proves that capital misallocation (KLDistort ) consisted of capital rental rates, financial liquidity, and financial pledgeability. And it is caused by the difference of capital rental rates, financial liquidity, and financial pledgeability in different firms. Testing the impact of financial liquidity and financial pledgeability on company capital misallocation is the core of our study. Table 3 is the sensitivity analysis table about capital misallocation ( (1− )(1− )). We can find that corporate capital misallocation is very sensitive to financial pledgeability, cost of capital, and liquidity.
When cost of capital is 0.1, financial pledgeability is poor, and capital misallocation usually does not exist, while it rarely happens. When financial pledgeability is 2, all values are positive except the case that capital rental rate is 0.1 (for details, see Table 3 and Figure 1 ). It implies that financial pledgeability has a great impact on capital misallocation. Figure 1 is a tendency chart of capital misallocation ( (1− )(1 − )). The trend lines in the graph are Percentile 30%, mean, and Percentile 60%. The Percentile 30% and mean trend lines have a downward tendency after 2009, while the Percentile 60% trend line has upward tendency. Because many sample values are embodied in the Percentile 60%, we cannot ignore the problem of capital misallocation in the listed companies.
Empirical Study
First of all, in order to control the problem of multicollinearity between variables, this paper does descriptive statistics for each variable and investigates the correlations of variables. After that, we employ panel data models to empirically Note: in the calculation, assume that the higher the cost of capital is, accordingly the lower the liquidity ratio is. For example, when cost of capital changes from 0.12 to 0.11, liquidity ratios change from 0.5 to 0.55. Numerous domestic and international studies assume the cost of capital is 10%, so we assume it starts from 0.1. analyze the impact of microcosmic factors, financial liquidity, financial pledgeability, and other controlled variables on capital misallocation and test whether different external finance dependence affects capital misallocation.
Variable.
According to available literatures and theoretical analysis, all the variables used in this paper for studying the impact of financial pledgeability on capital misallocation can be found in Table 4 .
Financial Pledgeability.
It is popular in many overseas researches that measure firm's financial pledgeability using Standard & Poor's Credit Rating data (according to the Standard & Poor's Compustat Database, firm credit ratings in the sample range from = 2 to = 24, with = 2 being the worst credit rating and = 24 being the best credit rating) [2, 8] . Because the listed companies in China lack the credit rating data, we measure firm's financial pledgeability on the basis of firm's solvency and liquidity conditions (see Figure 2 ) [22, 23] . A firm's liquidity at time is :
This paper measures it in each period t as the surplus of financial inflows over financial outflows .
The solvency of a firm may be measured by its net worth ( * ), defined as the sum of its expected surpluses and deficits over a given time horizon , discounted through the nominal interest rate ; namely,
where −1 [⋅] denotes the conditional expectation operator based upon information available at the end of period − 1, is nominal interest rate, and ≥ 1. If * ≥ 0, firm is sustainable; if * < 0, firm is virtually insolvent or faces recombination.
In order to explore the dynamics of ( , * ), this paper establishes the extrapolative expectations +1 under financial instability:
where > 0 represents the speed of reaction of firm's liquidity index to discrepancies in the solvency index and the safety 6 Mathematical Problems in Engineering margin and is the safety margin at time . And when doing empirical analysis, this paper sets the coefficient as 0.25 [23] . But the value of coefficient needs to be further investigated. The vertical dashed line drawn at * = 0 is the solvency barrier. The firm in its left has a negative net worth and is virtually insolvent. The horizontal dashed line = 0 is the liquidity line. The firm beneath it has financial deficit. We assume that each firm, in order to avoid the risk of bankruptcy, chooses a value that ensures its margin and net worth sufficiently higher than zero. Let us call the safety margin. * = is the safety line. According to Figure 2 , there are six types of financial structures. Firms in region 1 are called hyperhedge as they do not have either liquidity or solvency problems ( > 0, * > ). Firms in region 2 are speculative as they have liquidity problems but do not perceive solvency problems ( < 0, * > ). Firms in region 3 are hyperspeculative, because they have both liquidity and solvency problems ( < 0, 0 < * < ). Firms in region 4 are hedge firms as they do not have liquidity problems but may incur in solvency problems ( > 0, 0 < * < ). Firms in region 5 and region 6 are highly distressed financial firms. The former lack both liquidity and solvency ( < 0, * < 0). But the latter have hopes of survival, their liquidity is higher than marginal value, and the solvency is lower than marginal value ( > 0, * < 0). If the firm belongs to region 1, pledgeability = 12; if it belongs to region 2, pledgeability = 10; if it belongs to region 4, pledgeability = 8; if it belongs to region 3, pledgeability = 6; if it belongs to region 6, pledgeability = 4; if it belongs to region 5, pledgeability = 2. Table 5 is the number of companies at six types of financial structures in different time levels on ( , * ) (the implication of six types of financial structures is detailedly shown in Figure 2 ). When = 1, the proportion of companies in safe and relatively safe regions (regions 1 and 4) is only 29.85%, which in much dangerous regions (regions 3 and 5) is only 34.54%. When = 2, the proportion of companies in safe and relatively safe regions (regions 1 and 4) is only 28.65%, which in much dangerous regions (regions 3 and 5) is only 38.87%. When = 3, the proportion of companies in safe and relatively safe regions (regions 1 and 4) is only 27.87%, which in much dangerous regions (regions 3 and 5) is only 43.76%. These figures prove that corporate capital misallocation is extremely serious under the perspective of capital operation.
By comparing the numbers at = 1, = 2, and = 3, we can find that the number of companies at safe region (region 1) is decreasing, and the number of companies at Mathematical Problems in Engineering 7 relatively safe region (region 4) is increasing. On account of the fact that the solvency of firms in region 4 is between 0 and safety margin, the situation is not optimistic.
External Finance Dependence (EFD).
Financing constraints are relative to firm's external finance dependence. Rajan and Zingales considered firm's external finance dependence as (operating cash flow − capital expenditure)/capital expenditure [24] . The firm depends less on external finance if its value of (operating cash flow − capital expenditure)/capital expenditure is below average external finance dependence in industry. Group firms according to the differences between firms and industry. Firms with low level of external finance dependence have EFD = 3, firms with intermediate level of external finance dependence have EFD = 2, and firms with high level of external finance dependence have EFD = 1.
Innovation Performance.
Financial structure is relative to research and development ability (generally, poor R&D capability is associated with labor intensive production). The characteristics of research and development investments are long cycle, high extent of asymmetric information, and great uncertainty. Research and development investments which mainly come from firm's own capital holdings are more sensitive to financing constraints than fixed investments. With binding financial constraints, the rational firms allocate more capital to production, which leads to the lack of research and development investments as well as the unbalanced investment.
To measure the innovation performance, we draw lessons from Vassalou and Apedjinou and assume that the production function is a Cobb-Douglas production function [25] :
where is the production of firm in time ; is technical contribution of firm in time ;
1 is the total capital of firm in time ; and 2 is labor input of firm in time . Assume that there are no intermediate goods in a competitive labor market, and then the gross profit margin (GPM) is
where GMP is gross profit margin of firm in time ; MP is marginal product of firm in time ; and − 2 is corporate innovation. Get (19) under logarithmically processing both sides of (18) .
If all 1 and 2 in different firms are the same, (19) can be written as
where and denote total capital and total employees, respectively. It is difficult to estimate CI , so we can get (21) according to (19) :
In order to overcome the difference of variables' units, we can obtain̂+ through (21) .
wherê+ is all factors affecting GPM except total assets and labor.̂+ is the innovation performance of firms.
Methodology.
In order to test the microcosmic factors that influence the allocation of resources under different external financing dependence, this paper constructs where KLDistort = = ( /(1 − ))( / )( / ) − 1 is capital misallocation ratio of firm ; is fixed effects for the industry; EFD is external finance dependence; Fin.liquidity is financial liquidity; pledgeability is financial pledgeability; and Controls is controlled variables. Table 6 is descriptive statistics about the annual data of all the firms' explanatory variables and control variables. According to the high, intermediate, and low level of external finance dependence, it displays the mean and sample variables of three firm groups (the proportion for the companies under high level of external financing dependence is about 49.8%; the intermediate accounts for about 16.148%; percentage of the low is 31.8%) in order to run a comparative analysis. The statistical results reveal that, in different external financing dependence, there is a significant difference between the variables. Under the high level of external financing dependence, firms' variable indexes are significantly inferior to those under the low level. Eberhart et al. considered that the general labor intensive firms have low innovation abilities, whose earnings are uncertain and fluctuant and whose external finance dependence is quite high [26] . The high level of external finance dependence firms is with a proportion of about 49.8%. Improving the firms' innovation abilities is the main way to reduce the external finance dependence and improve the allocation efficiency. Table 7 is the results of Pearson correlation coefficient between variables. Results reveal that, except that the correlation between fixed assets investment and profitability is not significant (the problem about fixed assets investment impacts profitability; we tested it when considering time delay problem, but it is not significant, either), other variables display significantly positive and negative relationships. The financial liquidity and financial pledgeability are highly positively related; in addition, other indicators are significantly correlated to the financial liquidity and financial pledgeability. In order to avoid the problem of multicollinearity, these variables are properly controlled in panel data analysis.
Empirical Results
Descriptive Statistics of Variables.
Multiple Regression Analysis.
On the basis of (model-3), we study the impact of the financial liquidity on capital misallocation in various external finance dependence first. The purpose of this study is problems under different external finance dependence, so the regression results of (model-1) and (model-2) are not shown (the regression analysis of (model-1) and (model-2) indicates that the coefficient of liquidity is −1.381 * * * (−4.362) and the coefficient of pledgeability is −1.753 * * * (−3.914), in which " * * * " indicates statistical significance at the 0.01 level, so when the financial liquidity is stronger and the financial pledgeability is higher, the ratio of capital misallocation is lower); the regression results are shown in Table 8 . Regardless of whether to join other control variables, the coefficient of liquidity ×EFD(3) (financial liquidity and external financing dependence cross-multiplication term) is significantly positive; however, the coefficients of liquidity × EFD (2) and liquidity × EFD(1) are significantly negative. So when the financial liquidity is stronger and the external financing dependence is lower, capital misallocation ratio is lower. This result is consistent with numerous overseas research conclusions [2, 8, 27] . The regression coefficients of Ln( ), Profitability , and IP are significantly negative, while the regression coefficient of debt structure is significantly positive. Compared to labor intensive firms, the firms with high innovation abilities have stronger profitability, superior financial liquidity, and better financial pledgeability, thus reducing corporate capital misallocation [2, 25] . Moreover, many domestic researches found that the listed companies with large-scale assets and strong profitability easily obtain bank loans and equity financing, while violating the principle of matching assets (payable account mainly relies on long-term liabilities, yet capital gap mostly depends on shortterm liabilities). The regression coefficient of investment in fixed assets (IFA) is positive but not significant. Some domestic researches pointed out that IFA contribute to improving the efficiency of resource allocation, but through the data analysis in articles, capital supplies and output benefits of IFA in many firms remain to be fully explored.
On the basis of (model-4), we study the impact of the financial pledgeability on capital misallocation under various external finance dependence; the regression results are shown in Table 9 . Regardless of whether to join other control variables, the coefficients of financial pledgeability and external financing dependence cross-multiplication terms, pledgeability × EFD(3), pledgeability × EFD(2), and pledgeability × EFD(1), are significantly positive. So firms in high financial pledgeability are unaffected by the external financing dependence and have low rate of capital misallocation. This result is consistent with numerous overseas research conclusions [2, 8, 27] . The regression coefficients of Ln( ), Profitability , and IP are significantly negative, while the regression coefficient of debt structure is significantly positive. The direction of control variables regression coefficient and significant results are similar to Table 8 , but in low level of external financing dependence, the regression coefficient of IFA is significantly negative. 
Robustness Test of Panel Data Model.
To test the reliability of regression results, this paper has carried out the following robustness test:
(1) Select the data between the sample data of 20%-80% to do regression analysis.
(2) To clarify external financing dependence, exclude firms whose debt is invariant or small changes. 
Conclusion
This (3) The main factors that affect capital misallocation of the listed companies are financial liquidity and financial pledgeability. The empirical analysis explains that, under different external financing dependence, the regression coefficient is diversified, but the regression coefficient is significantly negative.
(4) Innovation ability of the labor intensive firms is usually poor, which easily causes capital misallocation. In empirical analysis, the firms with high innovation abilities generally have stronger profitability, superior financial liquidity, and better financial pledgeability, thus reducing corporate capital misallocation. (1) is low level of external finance dependence. Table 11 : Robustness test of panel data (model-4). (1) is low level of external finance dependence.
Variables
